Removal of high density salt and pepper noise is an interesting field of research. However, most previous approaches do not lead to good results. If the density of noise increases rapidly, the quality of the image tremendously decreases and the restoration of those images is a difficult task. This paper proposes an optimal method to suppress the noise with high density properly based on a nonlinear filter and decision-based approach. We assume a 3×3 fix window to scan the image from top-left to bottom-right of the image pixel by pixel. This size of window guarantees the image saving with more details and avoiding the image blurring. There are two steps, detection of the corrupted pixels and then restoration. Detection is provided by using statistical analysis in each window, then the appropriate replacement for the noisy pixel is conducted from given values inside the current window or adjacent reconstructed pixels based on mean calculation and also, for very high density of noise which density of noise is bigger than %80, the reconstruction is based on a recursive approach. Experimental results on some benchmark images and video clips show that this method is a successful algorithm for suppression of salt and pepper noise with high density; besides, they show that the computational complexity and time consuming are reasonable.
INTRODUCTION
The existence of various types of noise in the video and image significantly affects a computer vision system performance. Therefore, as a preliminary step in those systems, it is necessary to follow some processes in order to remove noise; furthermore, it is essential to eliminate some other defects which can disturb the post-processing in the image and video understating such as blotches and scratches. In addition, noise also influences the visual quality of video sources and images which is important for the user's satisfaction and for more convenience; hence, they should be cleaned in a preprocessing step [1] .
Noise can be added to the original signal in each step of image acquisition, signal transfer, or record and playback. If noise can be considered independently from the original signal, using of various types of linear filters can help to decrease the amount of noise from images with the reasonable result. Moreover, it does not make any serious challenges to the image quality; on the other hand, if noise has complex combination with a signal, using of a linear filter is not appropriate. Since we know that in the process of noise removal, it is desirable to decrease the noise of an image as much as possible; besides, it is very essential to be careful to save the quality of the edges and not to add any other defects to the image and also to preserve the details as well. Therefore, because of low quality, the linear filters are not appropriate in complicated noise [2] .
Salt and pepper noise is one of the most important noises seriously affecting the image. Each pixel in an image has the probability of which 0 < < 1 being contaminated by either a white dot (salt) or a black dot (pepper):
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Standard Median Filter (SMF) is the first method for suppression of salt and pepper noise, which is sometimes called impulsive noise [3] . In this method, all pixels in the image are affected and instead of each pixel value in each position, the median value, according to the dimension of selective window which is a 3×3 , 5×5 , and 7×7, window can be selected and replaced [4] .
The worst thing in the SMF method is that with the increase of noise density, the ability of the filter and its efficiency is Noisy pixel Clean pixel dramatically decreased. Although, increasing the size of window can be good for removing more noise, this expanding of dimension of window leads to losing the edges and omission of the details of the image. In this method, as already mentioned, all pixels are affected by the filter while some pixels are not corrupted and they are free of noise. So, any variation on those pixels can decrease the quality of the image with no reasons.
Therefore, in order to improve the performance of the filter, it is considerable to notice that any replacement of pixel values should be applied just on the noisy pixel; on the other hand, one detection step is compulsory in applying any update filter, either the current pixel is noisy or not. In the Adaptive Median Filter (AMF) window dimension is not similar to SMF method completely, that is, the sweep up process for pixels is not based on just 3×3 window. Thus, the outset for primary assumed 3×3 window [5] , we should calculate the median value ( ) if this value is bigger than the minimum value ( ) and smaller than the maximum value ( ), most probably this pixel is not noisy. Therefore, the value of the central pixel from the assumed selective window ( ) is clean and there is no need for any change [6] .
As a result, if < < the pixel would not be noisy and it should not be changed; otherwise, this pixel is noisy and should be replaced with value. In the first run of algorithm, if the place cannot be found in 3×3 window, we assume 5×5 window and repeat the previous process; on the other hand, if the place cannot be found again, we expand the window twice until value can be calculated.
In AMF method each pixel is assessed to see whether or not it is noisy. The size of the window is dependent on the density of the noise and it increases by the rate of the noise to be able to find a suitable value for the noisy pixel. This algorithm for more density of noise is better than SMF; although, the calculation processes are increased. To settle higher density of noise by AMF algorithm, the size of the window should be increased because better performance for removing the noise is prepared. This growth of window dimension leads to less correlation rate of the median value to the value for specific position of the pixel decrease; conversely, it leads to omitting edges and details of the image and then, the turbulence in the image leads to a decrease in the visual quality. In the filtering process, the important subject is that removing noise from the image must save edges and details of the image as much as possible; each algorithm has to do this in the best way. Undoubtedly, minimum errors are insignificant. Therefore, it seems that for the suitable algorithm, the following notes should be taken into consideration [7] :
There is no need to replace the intensity value for all the pixels, just detect and replace noisy pixels.
It is better to select a small dimension of window because working with a big size window means removing details of the image.
The appropriate value for replacing a noisy pixel after detection can be managed based on the use of non -noisy pixels in its neighborhood and with considering some local features such as edges or other statistical calculations.
A group of efforts for implementing those items have been organized and one branch of which leads us to creating an algorithm called decision-based approach. In decision-based approaches, the noisy pixels regarding some logical conditions are detected and then they are be replaced by the best values from its neighborhood or by some local features. In DecisionBased Algorithm (DBA), the original attention is to the above notes in order to achieve improvement [8] , [2] .
In the proposed algorithm which is a type of DBA, we use a 3×3 fix window; so, firstly, this size of window alone decreases calculation rate more than other approaches which have a variable size of window; and secondly, it affects the lower failure on the image properties and saves more details. The rest of this paper, in the second section, the Proposed A lgorithm (PA) is explained. In the third section, experimental results are shown, and in the fourth one, the conclusion is presented.
II. PROPOSED ALGORITHM BASED ON DECISION-BASED STRATEGY
Each pixel of image is considered to be evaluated separately. In this case, we assume a 3×3 window which determines the neighborhood of a given tested pixel; we also create a border with 2 pixel length that can cover the whole surrounding image to make us able to cover the whole pixels inside the image. The algorithm is as below:
First step:
If the above conditions are true, which means that the pixel is not be noisy, it might be saved unchanged; otherwise, the second step is called.
Second step:
In this section, all noisy pixels are removed from the given 3×3 window. If there are some non-noisy values in the window, after removing 0 and 255 values, all the remaining values is considered as a vector and its median is entitled to the pixel value for the replacement of noisy pixel and the pixel is put in position. However, after removing 0 and 255 values from 3×3 matrix if it is not have non noisy values and the vector has no members, it means that the density of noise is high and in this time the third step is called.
Third step:
As it is clear, in this situation all pixels in the current window are noisy and the replacement value for should be extracted from the adjacent reconstructed pixels. The value for current unknown pixel is calculated based on averaging of four reconstructed pixels (Fig. 1) . If the special condition occurs that we see no reconstructed pixels, we highlight this point and scan the image for the second iteration which can help to fill the missing pixels completely.
In order to cover the image, the window shifts a pixel to the right to cover all possible positions and we repeat the operation until the algorithm sweeps all image pixels. If the number of reconstructed pixels became less than four items the AVG (Eq. 1) will be calculated based on new reconstructed values.one more, if all reconstructed based on equation 1 be zero in very high density of noise. Those points will flag and reconstruct in second scanning.
In order to assess the results of different algorithms objectively, we consider two metrics Peak Signal to Noise Ratio (PSNR) and Normal Correlation (NC), (Eq. 2, 3, and 4).
denotes that the intensity of the pixel in x and y is coordinated with the original image and denotes that the intensity of the pixel in x and y is coordinated with the reconstructed image after applying the noise removal algorithm.
III. THE EXPERIM ENTA L RESULTS
In this section, the proposed algorithm and AMF and SMF are implemented by MATLAB and are run on LENA, PEPPER, CAMERA MAN images and also CAR and CALENDAR image sequences. The images or frames with salt and pepper noise with different density from 10% to 90% are polluted and the algorithms apply to them. Different runs of PA, SMA, and AMF algorithms for the given benchmark images, associated with 90% noise density are provided in Figure 2 . In addition, the quantitative results for LENA image are calculated and are shown in Table 1 . The results show that the proposed approach based on appropriate decision strategy can have a good output; moreover, they show that the proposed algorithm is simple and the computational complexity is in a reasonable level compared with other methods. Figure 2 present three images: PEPPER, CAMERA MAN, and LENA while polluted by 90 % salt and pepper noise and also PA, AFM, and AMF algorithms apply on them, regardless of the minimal disturbance that you can see in the edges of the right images (PA results), these images have an appropriate quality compared with others. The SMF method does not work in high noise density; also AMF is weaker than PA method. Figure 3 shows how NC and PSNR parameters have been changed on the LENA image based on variation of noise density. As it is clear from both graphs, if the noise density increases in AMF and SMF methods, the quality decreases correspondingly, but the proposed method provides a more stable situation and a lower effect of the noise density; and hence, a better output. Because of this outcome, the proposed method has a better performance in high density noise than the other two methods.
In the other experimental activities, the evaluation of filters on color images has been studied, so we convert the CAR video and CALENDER video to individual frames with RGB format, then it has been divided into R, G, and B components and the algorithm individually applies to each one and the results are again collected and prepared for the color frame. For better view of PA performance a graph is shown. The first 40 frames are selected from those clips and contaminated by salt and pepper noise with a random density of noise. The results are shown in Figure 4 , 5, 6. In general, it is clear from Figures that the proposed method is more stable and presents better results than the other methods mentioned in this paper.
IV. CONCLUSION
Salt and pepper noise is one of the most harmful noises which corrupt the image and video in each step of the image capturing, transfer, and/display or record. If the density of salt and pepper noise becomes high, removing noise is difficult in the earlier approaches because of their poor performance in preserving the image details and edges. Therefore, we propose a Decision-Based Approach in this paper which is approximately similar to the standard median filter in terms of run time; however, because of the decision-based mechanism in detecting and replacing noisy pixels, especially in high density noise it works better than others. As a result, this method, compared with the other two methods, has a better quality in both quantitative and qualitative methods. For further study, we
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= 10 log 10 255 consider the random value salt and pepper noise removal approach which is more complicated than the current noise because the noisy pixel has a dynamic range between 0 and 255. 
